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Characterization of left ventricular contractile performance 
in patients with pressure or volume overload remains a 
difficult challenge. Isovoiumetric or ejection phase (I,21 
indexes depend heavily on the loading conditions of the 
heart. The slope of the pressure-volume relation at end- 
systoie-called E,,, by Suga and Sagawa (3)_has been 
considered for assessing contractile performance in view of 
its ~nsitivity to inotropic changes and relative independence 
from ventricular load. Because the determination of E,,, 
requires obtaining pressure~voiume curves at different loads, 
attempts have been made to i~dividuaiize a simpler index in 
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humans. The end-systolic wall stress/volume ratio is easily 
obtained during routine ca~iac catheteri~tion and has been 
established as a reasonably load-independent index of myo- 
cardial contractile performance (4-7). Like most indexes, 
however, this ratio does not take into account the diastolic 
dimensions of the left ventricle. 
Suga et al. (8) reported the size dependence of E,,, in 
experimental conditions, and it has since been emphasized 
that left ventricular function indexes in humans should be 
no~aiized (9-i 1) to enable co~m~~soos of con tile 
function among patients, especially in those with a dilated or 
hypertrophied ventricle or both. An additional problem is 
that the size dependence of an e~asta~e-derived index may 
differ according to the origin of the pathologic process: Is the 
dependence of the end-systolic stress/volume ratio on left 
ventricular size similar in normal subjects, in patients with 
pressure overload and in those with volume overload? 
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After the catheters were positioned and heart rate and 
blood pressure returned to pre~atbeterization levels. left 
venitriculography (I ml/kg ioxa,gl 1 was performed in the 
30” right anterior oblique view ( frames/s) with simulta- 
neous recording of left ventricwl nd aortic pressures and 
and end-systolic volume were 
calculated using the area-length d (12). Left ventricu- 
at end-diastole at the 
grid to the measured length corresponding to it on t 
was the correction factor (CF). T/W crc.trta/ thicktress wts 
obtained by rite following eqrtation: 
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~tat~st~ca~ analysts, The relation between the end-systolic 
stress/volume ratio and d-diastolic volume was deter- 
mined within each group linear regression analysis using 
the least squares method. The comparison of regression lines 
between the aortic stenosis and normal groups and aortic 
regurgitation and cardiomyopathy grou 
using variance analysis to compare t 
ante analysis to compare the inter 
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T&]e 1. ~efi Ventricular Volumes and Stress-Related Variables 8 
ESS ESSVR 
EDV (ml) ESV (ml) &km*) @/cm2 per ml) 
NL 132 + 25 52 2 13 220 2 44 4.35 2 0.80 
(n = 18) (89-191) (31-80) (150-349) (3.38-5.59) 
AS 142 + 31 59 f 22 232 f 82 4.33 f 1.75 
(n = 24) (%-212) (22-I IO) (93-397) (1.53-8.04) 
AR 361 f I29 202 + 101 399 f IO1 2.28 + 0.81 
(n = 18) (173-678) (52-420) (213-618) (1.19-4.38) 
MR 236 + 38 105 2 32 274 + 74 2.71 + 0.60 
(n = 9) (177-285) (47-154) (193-393) (2.03-4.1 I) 
CM 252 + 80 174 f 77 340287 2.21 + 0.61 
(n = 35) (120-454) (69-388) (209-509) (0.84-3.28) 
Values are mean values -c SD, range is shown in parentheses. AR = aok 
8 
regurgitation; AS = aortic stenosis; CM = cardiomyopathy: EDV = end- 
&stobc volume; ESS = end-systolic stress; ESSVR = end-systolic stress/ 
volume ratio; ESV = end-systolic volume; MR = mitral regurgitation; NL = 
normal subjects. 
0.0. AS,k0.48, peo.05 hl.24) 
3 
9 
Left ventricular volumes and stress-related variables are 
presented for each group in Table 1. An inverse relation was 
observed for each group between the end-systolic stress/ 
volume ratio and end-diastolic volume (that is, the larger the 
left ventricular cavity, the smalier the end-systolic stress/ 
volume ratio) (Fig. 1). An inverse relation to end-diastolic 
volume was also evidenced when the end-systolic stress/ 
volume ratio was “normalized” to body surface area in 
normal subjects (Fig. 21, but no relation was found when it 
was normalized toleft ventricular end-diastolic volume (Fig. 
2). 
Variables in the valvular disease omyopathy 
group. Average values for end-systolic stress/volume ratio 
and end-diastolic volume were similar in patients with a 
normal left ventricle and in those with aortic stenosis. The 
slope of the end-systolic stress/volume rat&end-diastolic 
volume relation-a marker of the size dependence of the 
end-systolic stress/volume rati-was not significantly dif- 
ferent in these two groups (Table 2). The slope of the 
end-systolic stress/volume ratio-end-diastolic volume rela- 
tion was similar in patients with aortic regurgitation, mitral 
regurgitation a d cardiomyopathy, but the intercepts (Table 
2) were significantly different (p < 0.01). At a given end- 
diastolic volume, the mean end-systolic stress/volume ratio 
was higher in the aortic regurgitation group than in the 
cardiomyopathy group, as assessed by absence of overlap 
ping of the 95% confidence interval. 
Figure 1. Relations between end-systolic stress/volume ratio and 
end-diastolic volume. For each group of patients, linear egression 
values and the 95% confidence inkrval are represented. AR = aortic 
regurgitation; AS = aortic stenosis: CM = cardiomyopathy; MR= 
mitral regurgitation; NL = normal subjects. 
Finally, in the aortic stenosis group, the four patients with 
tbe greatest left ventricular dilation had an end-systolic 
stress/volume ratio similar to that of the four patients with 
cardiomyopathy and comparable l ft ventricular size (2.39 
versus 2.89, respectively, p = NS). 
Comparison of the inotropic state of the ventricle in 
patients with different diseases by means of the end-systolic 
stress/volume ratio is affected by the dependence of this 
index on chamber size. Although this dependence was 
suggested in previous reports (g-11), it has not been con- 
firmed in a large number of patients. The present study 
included alarge series of patients with a normal ventricle, as 
well as patients with various types of ventricular hypertro- 
phy or dilation, or both, and therefore provides data that 
may settle the problem in the clinical assessment of left 
ventricular function. 
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Table 2. Values of y Axis Intercept and Slope of the Linear 
Regression Line of the Relation Between End-Systolic 
~t~ss~olurne Ratio and End-diastolic Volume 
y Axis 
Intercept 
(ESSVR) Slope r Value 
ML 7.41 -0.024 0.721 
(n = 181 
AS 8.14 -0.027 U.484 
(II = 24) 
AR 4.09 -O.Ui& 0.800 
(n = 18) 
MR 4.98 -0.010 0.#9 
fn = 91 
CM 3.81 -~.~7 0.83# 
(II = 35) 
(3.75P 1-o.ixw (0.76@* 
*calculated using a spbe~id model of the left venwicle. Values are mean 
values t SD. Abbreviations as in Table 1, 
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relation ~~e~d-syst~~~~ stre§s Y~~~~~e ratio 
vol~~rnc was similar in the two broils. 
dependence of the end-systolic sFres§~vo~~me ratio in pa- 
tients with aortic stenosis is explained by the facl that 
hypertrophy is an important feature of ress~~~-overloaded 
ventricles. An increased wall thickness 
remain normal--or low-for a ~roionged 
during which left ventricular size 
crease. Therefore, in the presence of si~~~~ca~F wall ~y~~~- 
trophy, even a slight enlargemenF of the left VeatriCU~ar 
dimension will produce a marred reducFi~~ of the end- 
systolic stress/volume ratio, making this index highly depen- 
dent on left VcnFricu~ar si 
giFaFi0~. mitral regurgit 
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degree of ventricular enlargement, the contractik Perfor- 
mance of the left ventricle would be better in patients with 
aortic regurgitation than in those with cardiomyopathy. 
However, the left ventricular equatorial Wall stress CalCUJa- 
Don could have been altered using an ellipsoid model for a 
spheroid left ventricular geometry in patients with cardio- 
myopathy. In our study, it must be pointed out that end- 
diastolic and end-systolic diameters were derived from left 
ventricular volume and the actual length of the cavity, so 
that the calculated diameters were not underestimated in a 
way that resulted in large differences in equatorial wall 
stress. Moreover, the relation between the end-systolic 
stress/volume ratio and end-diastolic volume in patients with 
cardiomyopathy was crilculated using the two models, and 
the results were not significantly different (Table 2). 
An exact delineation of patients with mitral regurgitation 
is difficult to extrapolate from our results in view of the small 
number of patients in this group. The end-systolic stress/ 
volume ratio in patients with mitral regurgitation appeared to
lie between that in the aortic regurgitation group and the 
cardiomyopathy group. This suggests that for a similar 
end-diastolic volume, contractile performance is higher in 
patients with aortic than in those with mitral regurgitation, 
and higher in patients with mitral regurgitation than in those 
with cardiomyopathy. These results agree with the findings 
of Wisenbaugh etal. (211, which indicate that depressed 
contractility ends to be more severe in mitral than in aortic 
regurgitation. 
Pressure versus volume ove , As is usually the case, 
our patients with volume overload had a larger ventricular 
cavity at the time of cardiac atheterization than did patients 
with aortic stenosis, thereby prohibiting a direct comparison 
between these groups. A comparative analysis could, how- 
ever, be obtained ina subset of patients with aortic stenosis 
and cardiomyopathy with comparable l ft ventricular size. 
For a similar degree of ventricular dilation, the end-systolic 
stress/volume ratio was comparable in patients with aortic 
stenosis and cardiomyopathy, suggesting a simiPar degree of 
altered contractile performance. This notion, however, has 
to be cautiously proposed in view of the small number of 
patients involved in such a comparison. Assessment of 
ventricular contractile performance in patients with pressure 
versus volume overload is as yet an unresolved issue, and 
previous attempts (22-24) to confront these two entities have 
yielded conflicting results. Our data indicate that at compa- 
rable nd-diastolic volumes, patients with aortic stenosis and 
cardiomyopathy ave a similar end-systolic stress/volume 
ratio. but this only concerns a particular range of left 
VeUftiCUlar Size (specifically, in patients with “advanced” 
aortic stenosis and those with “early stage” cardiomyopa- 
thyi. NO data were available for patients with cardiomyop- 
athy and normal ventricular size or for patients with aortic 
stenosis and an extremely dilated ventricle. Thus, the finding 
Of shk contractile performance at a given chamber size in 
aortic stenosis and cardiomyopathy as to be restricted to 
patients with “advanced” pressure overload and t 
mildly dilated cardiomyopathy. 
Conclusions. These data emphasize the size dep 
of the end-systolic stress/volume ratio and its conse 
for a comparative assessment of patients with pressure a
volume overload. An ideal index of myocardial contractile 
performance would display little sensitivity on the loading 
conditions of the heart, but also little dependence onthe size 
of the ventricle. Ultimately, it
two factors that determines 
dedicated to clinical use. Un 
attempts to characterize left 
mance in patients with pressure or volume over1 
means of the end-systolic stress/volume ratio should take 
into account the size of the left ventricle. 
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